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Abstract - This paper presents a PWM-controlled three-
phase inverter designed for controlling the speed of a 
three phase induction motor.  Inverter has very important 
role as a power conditioning on the electric power  system 
and industrial field. The speed of the induction motor can 
be controlled by changing the voltage frequency input of 
the induction motor. The three phase inverter is 
implemented by using a Power MOSFET and the PWM 
signal is generated by a Microcontroller. The inverter 
performace is measured by simulation and experimental 
test. Inverter circuit is simulated using PSpice software to 
investigate the inverter behavior and performance. The 
testing is conducted using two induction motors with 
different rpm specification. The testing result shows that 
the Microcontroller can control well the motor speed in 
no-load mode with various speed references.  
 
 
I. INTRODUCTION 
         Induction motor  is the most widely electrical 
machine used in industry, due to its simple 
construction, sturdy, cheap, and easy maintenance.  The 
induction motor have shifted  the use of DC motor in 
the industry. However, induction motor has several 
parameters that are non-linear, especially the rotor 
resistance which varies for different operating 
conditions. It causes    speed  control on induction 
motor  is more difficult in comparison with speed 
control on DC machine. 
 Common application of induction machine is for 
constant speed rotation  by direct connection to the grid, 
rotor speed is determined  by  the grid system 
frequency. For variable speed aplication of induction 
motor, power conditioning device is required [1].   
 Speed control of  an induction machine can be 
made by any change of pole number or  input voltage 
frequency of induction motor.  However, changing of 
its pole number is unfractical. Changing of input 
voltage frequency is realized by using a power 
conditioning or inverter.  The use of inveter  is a simple 
and easy way for  controlling speed of induction motor 
and it has been broadly used on industry application 
[2],[3]. 
Inverter converts DC voltage into AC voltage  
where magnitude   and frequency voltage can be varied 
as required. AC voltage generated is a square waveform 
or trapesoid.  The application of filter device is required 
to produce  pure sinusoidal waveform.   
Voltage output  regulation of inverter  can be done in 
two ways. First, by adjusting the DC input voltage but 
the switching frequency is constant. Second,  by 
adjusting the swicthing frequency while the DC imput 
voltage is constant. In the second methode, the effective 
AC voltage generated is a function of the pulse width of 
the switching. How is called Pulse Width Modulation 
(PWM). [3] 
      
 
II. THREE-PHASE INVERTER CIRCUIT  
The basic circuit of three-phase inverter is 
presented in Figure 1. It has two capacitors to generate 
N points for each capacitor voltage Vi / 2 remains 
constant. There are three sides of the switch, namely: 
switch S1 and S1 + S2 + and S2- as well. Both sides of 
the switch, the switch S1 and S4, S3 and S4, and S5 and 
S2. Each switch, S1 and S4, or S3 and S4, or S5 and S2, 
can not operate simultaneously, because there will be 
short circuit. ON and OFF from both sides of the switch 
is determined by the PWM modulation technique 
[4],[5]. 
 
 
 
 
 
 
 
 
 
             
 
Figure 1. Three fasa Inverter Circuit 
 
To produce the output voltage (Vo) in three 
phases, eight switching conditions configuration as 
shown in Table 1 should be applied. 
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Tabel 1 Switching Configuration and Output Voltage   
 
III. SIMULATION RESULTS 
The inverter  circuit  is simulated using PSpice A/D 
Student 9.1.  The simulation is carried  out to observe  
the  inveter performace. The  Scheme of inverter circuit 
used for the simulation is shown in Figure 2. 
 
 
Figure 2. Scheme of 3 phase inverter circuit for PSpice 
simulation 
 
The simulation results show the waveform of the PWM 
signal and inverter output voltage with various 
frequencies. The inverter circuit simulation is 
performed only on the  no-load condition of induction 
motor. Therefore, the output parameter is only limited 
to the wave form of the output voltage signal. 
Conduction used is 180o, which means each 
MOSFET will be in switch  ON  for 0.02 / 2 seconds or 
0.01 seconds. Figure 3 shows the PWM1 signal which 
has been adjusted to the desired ON time periode. 
Figure 4. shows a comparison between the PWM signal 
wave form PWM1 to PWM 2. This difference due to 
the  differences in conduction time (ON) to form a 
configuration of a MOSFET with the conductivity of 
the order of the corresponding delay time. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  3.  PWM 1 signal wave form 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Signal PWM 1 and PWM 2 waveform 
Figure 5.  shows  the simulation of  the inverter output 
voltage between phases and between phase - neutral at  
frequency  50Hz  and 30 Hz . 
 
 
 
 
 
 
 
Figure 5  Output voltage  waveform simulated  
( phasa-phasa , R-S)  at  50Hz 
 
 
 
 
 
 
 
Figure 6.  Output voltage waveform simulated  
( phasa-neutral  , R-N)  at  50Hz. 
 
 
 
 
 
 
Configuration 
Sequence 
Swiching Position 
Output Voltage 
Vab 
 
Vbc 
 
Vca 
 
1 
S1-S2-S6 On & S4-
S5-S3 Off 
Vi 0 Vi 
2 
S2-S3-S1 On & S5-
S6-S4 Off 
0 Vi -Vi 
3 
S3-S4-S2 On & S6-
S1-S5 Off 
-Vi Vi 0 
4 
S4-S5-S3 On & S1-
S2-S6 Off 
-Vi 0 Vi 
5 
S5-S6-S4 On & S2-
S3-S1 Off 
0 -Vi Vi 
6 
S6-S1-S5 On & S3-
S4-S2 Off 
Vi -Vi 0 
7 
S1-S3-S5 On & S4-
S6-S2 Off 
0 0 0 
8 
S4-S6-S2 On & S1-
S3-S5 Off 
0 0 0 
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Figre 7. Output voltage waveform simulated  at 
50Hz  fasa neutral (R-N)  
 
 
 
 
 
 
 
 
Figure 8.Output voltage waveform simulated  at 
30Hz  fasa neutral (R-N)  
 
The simulation results show the effect of frequency on 
the shape of the output voltage. The lower the 
frequency the less input voltage which is perceived by 
the load. In speed control application, It makes the 
speed of induction motor decrease.  
 
IV. HARDWARE 
          Figure 9 shows the three -phase inverter circuit 
with  IR21362 microcontroller . The power supply for 
the driver circuit is 18 V which is  the output of the 
regulator IC 7818. There are two parts of the PWM 
input , the first part of the high -side named HIN1 , 
HIN2 , and HIN3 . The output of the high -side is HO1 , 
HO2 , and  HO3 drive . This output drive mosfet at the 
top side.  The second  part of the low side named  LIN1 
, LIN2 , and LIN3 . The output of the low -side is LO1 , 
LO2 , and LO3 . It is controoled  the MOSFET at 
bottom sid. Imput voltage for LIN1 is taken directly 
from HIN1. Hence,  the output PWM0 , PWM2 , and 
PWM4 of the PIC18F4431 is  unused in this circuit.  
         The sign line  above LIN1 means that the output 
of  LO1  is opposite to the output of  Ho1. This reversal 
is done directly by the internal circuit of 
microcontroller.  For driving  high –side  section of the 
inverter is required 3 diodes and capacitors. The 
switching frequency of PWM signal is  10 KHz .The 
diode used is   FR104 fast recovery type.  The  driver 
output voltage is 18 Volt. Switching  power 
semiconductors applied in this design is MOSFET 
IRFP460. 
The PCB of driver and mosfet circuit are presented in  
Figure 10 and Figure 11.  
 
 
 
Figure 9.  Circuit of  driver IR21362  switching circuit 
of  inverter 3  
 
 
Figure10.  PCB of driver circuit. 
 
Figure 11.  PCB of mosfet circuit  
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Arduino UNO ( ATmega328P ) is applied to generate 
the PWM signal to adjust the sequence and timing of 
ignition components switching. Arduino UNO is a 
microcontroller board based on the ATmega328P. It 
consists of a 14 pin digital inputs / outputs ( 6 to be 
used as PWM outputs ) , 6 analog inputs , a 16 MHz 
crystal oscillator , a USB connection , a power jack , an 
ICSP header , and a reset button . Pin 9,10,11 as imput 
for IR21362 which is aplied as a PWM output and l is 
used  to support the performance of the potentiometer 
and LCD display. 
           Physically , the  three-phase inverter in  this tudy 
is presented in  Figure  12.  
 
Figure 12. Three phase inverter designed  for speed 
control application  on  induction motor   
V. EXPERIMENTAL RESULTS 
The experiment is conducted by connecting the 
induction motor across the inverter terminal. The rotor 
is changing by adjusting  the the frequency and  the 
magnitude of inverer  output voltage. Voltage and 
frequency output is  regulated  by adjusting the firing 
time of MOSFET using the Arduino Uno 
microcontroller. The induction motor spesification is 
presented in Table 2.  
          Figure 13   shows the PWM pulse output from 
the PWM1 and PWM2 . Arduino PWM pulse output is 
fed to the  IR21362 drivers  and then  increased up  to 
18 Volt . Figure 14 – 16  shows phasa to phase the 
output voltage waveform an the phase to netral output 
voltage  of  three phase inverter designed is presented in 
Figure  17.  
 
 
 
 
 
   
 
 
Figure 13  The output voltage  of  PWM  
 
 
Table 2 Rating of Induction Motor   
 
 Parameter Motor 1 Motor 2 
Connection wye/delta wye/wye 
Terminal Voltage (Volt) 692/400  380 
IMax (A) 0.58/1.0 1.9/2.6 
P Max (kW) 0.27  0.6/0.9 
Cos phi 0.7 0.6/0.9 
Frequency (Hz) 50 50 
Rotation (rpm) 930/1430 1350 
 
 
 
 
 
 
 
 
 
 
Figure  14  Output voltage waveform  (VR-S) 
 
 
 
 
 
 
 
 
Figure 15  Output voltage waveform  (VS-T) 
 
 
 
 
 
 
 
 
Figure 16.  Output voltage waveform  (VT-R) 
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Figure 17.   Output voltage waveform  (VR-N) 
 
 The  experimental result  to determine the effect of 
the frequency of induction motor imput voltage to the 
motor speed is presented in Figure  18.  The graph  
shows that the speed of the induction  motor is directly 
proportional  to the imput voltage frequency of 
induction motor. The rotor speed varies with respect to 
the frequency of  imput voltage of induction motor.  
 
 
 
Figure 18   Rotor speed  versus the  imput voltage 
frequency  of induction motor  
 
VI. CONCLUSION 
The three phase inverter for controlling speed of 
induction motor is proposed in this paper. The computer 
simulation and laboratoty test have demonstrated the 
perfomance of this apparatus.  However further work  is 
required to improve the quality of  controlling speed  at 
low  rotor speeds. In addition, it is suggested that test 
such as full load and variable load induction motor 
would be carried out. The active filter and feedback 
control are required to improve the quality of this 
control system equipment.  
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